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(54) Head position detecting device and head tracking stereoscopic display 



(57) A head tracking stereoscopic display has a first 
combining light source composed of two line-shaped 
light sources and a second combining light source com- 
posed of two line-shaped light sources. The first com- 
bining light source is used when the head of a viewer is 
shifted by the distance between the eyes E in the hori- 
zontal direction on the basis of a certain position, and 
the second combining light source is used when the 
head of the viewer is shifted by the distance between 
the eyes E in the horizontal direction on the basis of a 
position shifted by E/2 from the certain position. When 
the first combining light source is selected, the two line- 
shaped light sources in the first combining light source 
are alternately turned on and off. When the second 
combining light source is selected, the two line-shaped 
light sources in the second combining light source are 
alternately turned on and off. A right eye image and a 
left eye image are alternately displayed in synchroniza- 
tion with the alternate ON/OFF on an image display 
panel. Such control as to change the timing at which 
images are alternately displayed and such control as to 
select the combining light source are suitably carried 
out on the basis of information relating to the head posi- 
tion from the head position detection means. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates generally to a stereoscopic display requiring no special glasses, and more particu- 
larly, to a head tracking three-dimensional (3D) display so adapted that a viewer can properly view a three-dimensional 
(3D) image even if the head of the viewer moves by detecting the position of the head of the viewer. Further, the present 
10 invention relates to a head position detecting device capable of detecting, when the viewer views a 3D image without 
requiring special glasses, the position of the head of the viewer, to enlarge the stereoscopic area. 

Description of the Prior Art 

is As a stereoscopic display requiring no special glasses, a system using a parallax barrier and a system using a len- 
ticular lens have been known. In such a stereoscopic display, however, the stereoscopic area is narrow. 

Therefore, a stereoscopic display so adapted as to detect the position of the head of a viewer, to optically make cor- 
rection depending on the head position has been conventionally known. 

In a head tracking stereoscopic display shown in Fig. 31, a right eye image and a left eye image are respectively 
20 displayed on liquid crystal display (LCD) panels for image display 701 and 702, a right half image of a viewer which is 
picked up by an imaging device 703 and an image obtained by negative-positive inversion of the right half image in an 
image processing device 704 are respectively displayed on viewer image display devices 705 and 706 each composed 
of an LCD panel for back-light, for example, the viewer image display devices 705 and 706 are respectively used as illu- 
minating devices for displaying right and left eye images, and the right eye image and the left eye image which are syn- 
25 thesized are respectively viewed with only the right eye and the left eye of the viewer, by Fresnel lenses 707 and 708 
which have directional properties and a half mirror 709 . 

Specifically, a portion where a viewer image is displayed in the viewer image display device 705 emits light, so that 
the light emitting portion becomes right eye illuminating light, while a portion where a viewer image is displayed in the 
viewer image display device 706 emits light, so that the light emitting portion becomes left eye illuminating light, and the 
30 positions of both the light emitting portions are changed by following the position of the viewer. Therefore, the positional 
limitation of the viewer for stereoscopic view is reduced. 

In the above-mentioned conventional head tracking stereoscopic display, an imaging device and the display 
devices to be a light source are required, however, the structure of a back-light is complicated, and the cost is high. 
An example of the conventional head position detecting device is one, having a device mounted on a viewer for pro- 
35 ducing a magnetic force, adapted so as to detect the position of the viewer by grasping the position where the magnetic 
force is produced using a magnetic sensor. If the position of the viewer is detected using the magnetic sensor, however, 
the scale of the head position detecting device becomes large, and the cost thereof becomes comparatively high. 

SUMMARY OF THE INVENTION 

40 

The present invention has been made in view of the above-mentioned circumstances, and has for its object to pro- 
vide a head tracking stereoscopic display so adapted that a 3D image can be properly viewed even if the head of a 
viewer moves while simplifying the structure of a back-light, and also has for its object to provide a head position detect- 
ing device capable of detecting the position of a viewer in simple construction and a head tracking stereoscopic display 

45 comprising the head position detecting device. 

A head tracking stereoscopic display according to the present invention is characterized by comprising a light emit- 
ting means comprising at least two light sources each comprised of a set of two line-shaped light sources for one of the 
eyes and the other eye, the two light sources being for a first area and a second area in a position shifted by approxi- 
mately E/2 (E is the distance between the eyes of a viewer) in the horizontal direction from the first area, a diffusing 

so screen provided on the light emission side of the light emitting means, a first lenticular lens screen provided between 
the diffusing screen and the light emitting means for focusing light from the selected one of the light sources and alter- 
nately forming bright portions and dark portions on the diffusing screen by semi-cylindrical lens portions constituting the 
first lens screen, a second lenticular lens screen provided on the light emission side of the diffusing screen and having 
the function of taking each of the bright portions formed on the diffusing screen as a light source for either one of the 

55 eyes, an image display panel provided on the light emission side of the second lenticular lens screen, light source con- 
trol means for alternately turning one of the line-shaped light sources and the other line-shaped light source in the 
selected one light source on and off, display control means for alternately displaying one of the images and the other 
image which have binocular parallax on the image display panel in synchronization with the alternate ON/OFF of the 
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line-shaped light sources, head position detection means for detecting the position of the head of the viewer, and control 
means for suitably carrying out such control as to change the timing of the alternate display of the images and select 
the light source on the basis of information relating to the head position from the head position detection means. 

In such construction, the light emitting means is constituted by the four line-shaped light sources, the first lenticular 

5 lens screen, the diffusing screen, and the second lenticular lens screen, so that the construction can be made simpler 
and the cost can be made lower, as compared with a conventional light emitting means which is constituted by a com- 
bination of an imaging device and an image display device. Even when the viewer moves from a stereoscopic position 
to a pseudo stereoscopic position or moves from the stereoscopic position to a crosstalk area, for example, it is possible 
to properly view a 3D image by following the movement of the viewer. 

10 A head tracking stereoscopic display according to the present invention is characterized by comprising two one-eye 
systems each comprising a light emitting means comprising a first light source comprised of a set of two line-shaped 
light sources and a second light source comprised of the other set of two line-shaped light sources, a diffusing screen 
provided on the light emission side of the light emitting means, a first lenticular lens screen provided between the dif- 
fusing screen and the light emitting means for focusing light from the selected one of the line-shaped light sources and 

15 alternately forming bright portions and dark portions on the diffusing screen by semi-cylindrical lens portions constitut- 
ing the first lenticular lens screen, a second lenticular lens screen provided on the light emission side of the diffusing 
screen and having the function of taking each of the bright portions formed on the diffusing screen as a light source for 
either one of the eyes, and an image display panel provided on the light emission side of the second lenticular lens 
screen, image supply means for fixedly displaying one of images and the other image which have binocular parallax, 

20 respectively, on the image display panel in one of the one-eye systems and the image display panel in the other one- 
eye system, head position detection means for detecting the position of the head of a viewer, and control means for suit- 
ably carrying out such control as to select light emission of the line-shaped light sources in each of the first and second 
light sources on the basis of information relating to the head position from the head position detection means. 

In such construction, the light emitting means is constituted by the eight line-shaped light sources, the first lenticular 

25 lens screen, the diffusing screen, and the second lenticular lens screen, so that the construction can be made simpler 
and the cost can be made lower, as compared with a conventional light emitting means which is constituted by a com- 
bination of an imaging device and an image display device. Even when the viewer moves from a stereoscopic position 
to a pseudostereoscopic position or moves from the stereoscopic position to a crosstalk area, for example, it is possible 
to properly view a 3D image by following the movement of the viewer. 

30 Although in such construction, two one-eye systems are required, an image displayed on each of the image display 
panels may be fixed, and the necessity of such control as to turn each of the line-shaped light sources on and off is elim- 
inated. 

A head tracking stereoscopic display according to the present invention is characterized by comprising two one-eye 
systems each comprising a light emitting means comprising a line-shaped light source for a first area and a line-shaped 

35 light source for a second area in a position shifted by approximately E/2 (E is the distance between the eyes of a viewer) 
in the horizontal direction from the first area, a diffusing screen provided on the light emission side of the light emitting 
means, a first lenticular lens screen provided between the diffusing screen and the light emitting means for focusing 
light from the selected one of the line-shaped light sources and alternately forming bright portions and dark portions on 
the diffusing screen by semi-cylindrical lens portions constituting the first lenticular lens screen, a second lenticular lens 

40 screen provided on the light emission side of the diffusing screen and having the function of taking each of the bright 
portions formed on the diffusing screen as a light source for either one of the eyes, and an image display panel provided 
on the light emission side of the second lenticular lens screen, image supply means for respectively displaying one of 
images and the other image which have binocular parallax on the image display panel in one of the one-eye systems 
and the image display panel in the other one-eye system so as to be switchable, head position detection means for 

45 detecting the position of the head of the viewer, and control means for suitably carrying out such control as to select 
light emission of the line-shaped light sources and switch the images displayed on the image display panels on the 
basis of information relating to the head position from the head position detection means. 

In such construction, the light emitting means is constituted by the four line-shaped light sources, the first lenticular 
lens screen, the diffusing screen, and the second lenticular lens screen, so that the construction can be made simpler 

50 and the cost can be made lower, as compared with a conventional light emitting means which is constituted by a com- 
bination of an imaging device and an image display device. Even when the viewer moves from a stereoscopic position 
to a pseudo stereoscopic position or moves from the stereoscopic position to a crosstalk area, it is possible to properly 
view a 3D image by following the movement of the viewer. 

Although in such construction, two one-eye systems are required, and such control as to switch images displayed 

55 on the image display panel is required, the number of line-shaped light sources may be four, so that the cost can be 
made lower, as compared with the above-mentioned construction requiring the eight line-shaped light sources. 

A head position detecting device according to the present invention is characterized by comprising light receiving 
means constructed by arranging a first light receiving device for a stereoscopic area and a second light receiving device 
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for a pseudostereoscopic area in the horizontal direction, lens means for respectively introducing light reflected from the 
face of a viewer positioned in the stereoscopic area and light reflected from the face of the viewer positioned in the 
pseudostereoscopic area into the first light receiving device and the second light receiving device, and judgment means 
for comparing the amount of the light detected in the first light receiving device and the amount of the light detected in 
5 the second light receiving device, to judge which of the stereoscopic area and the pseudostereoscopic area is an area 
where the viewer is positioned. 

In the above-mentioned construction, the head position detecting device is constituted by relatively low-cost com- 
ponents such as the light receiving means and the lens means, so that the cost of the head position detecting device 
can be lowered. 

10 A head position detecting device according to the present invention is characterized by comprising light receiving 
means constructed by arranging a first light receiving device for a stereoscopic area, a second light receiving device for 
a pseudostereoscopic area, a third light receiving device for a first crosstalk area, and a fourth light receiving device for 
a second crosstalk area in the horizontal direction, lens means for respectively introducing light reflected from the face 
of a viewer positioned in the stereoscopic area, light reflected from the face of the viewer positioned in the pseudoster- 

15 eoscopic area, light reflected from the face of the viewer positioned in the first crosstalk area, and light reflected from 
the face of the viewer positioned in the second crosstalk area into the first light receiving device, the second light receiv- 
ing device, the third light receiving device, and the fourth light receiving device, and judgment means for comparing the 
amount of the light detected in the first light receiving device, the amount of the light detected in the second light receiv- 
ing device, the amount of the light detected in the third light receiving device, and the amount of the light detected in the 

20 fourth light receiving device, to judge which of the stereoscopic area, the pseudostereoscopic area, the first crosstalk 
area, and the second crosstalk area is an area where the viewer is positioned. 

In the above-mentioned construction, it is possible to also detect that the head of the viewer is positioned in not only 
the stereoscopic area and the pseudostereoscopic area but also the first crosstalk area and the second crosstalk area. 
Also in such construction, the head position detecting device can be constituted by relatively low-cost components such 

25 as the light receiving device and the lens means, so that the cost of the head position detecting device can be lowered. 
A plurality of lens means may be arranged in the horizontal direction. Letting n be an integer, E be the distance 
between the eyes of the viewer, and A be the horizontal distance from the center of a stereoscopic position right in front 
of a screen, when an area indicated by (2n - 1/2) x E ^ A ^ (2n + 1/2) x E and an area indicated by 
{(2n + 1) - 1/2) x E < A < {(2n + 1) + 1/2} x E on the basis of the center of the stereoscopic position right in front of the 

30 screen are respectively taken as a stereoscopic area and a pseudostereoscopic area, the stereoscopic area, the pseu- 
dostereoscopic area, the stereoscopic area, • • • are formed in this order. This one cycle (this is referred to as one 
object are a for convenience) is repeated for each distance which is twice the distance between the eyes. In this case, 
particularly when an area indicated by {(1 + 2n)/2 - 1/4} x E < A <{(1 + 2n)/2 + 1/4} x E is taken as a crosstalk area, 
the stereoscopic area, the first crosstalk area, the pseudostereoscopic area, the second cross talk area, the stereo- 

35 scopic area, • • • are formed in this order. This one cycle (this is referred to as one object area for convenience) is 
repeated for each distance which is twice the distance between the eyes. 

As described above, if a plurality of lens means are arranged in the horizontal direction, the object areas whose 
number corresponds to the number of lens means will be a range in which the head of the viewer can be detected. 
When a lenticular lens is used as the plurality of lens means thus arranged in the horizontal direction, the number of 

40 components can be made smaller and the assembly is made easier, as compared with a case where the lens means 
are separately constructed. 

A head tracking stereoscopic display according to the present invention is characterized by comprising the above- 
mentioned head position detecting device, and being so constructed as to respectively introduce a right eye image and 
a left eye image to the right eye and the left eye of the viewer positioned in the stereoscopic area when a signal indicat- 
es ing that the viewer is positioned in the stereoscopic area is obtained in the head position detecting device, and so con- 
structed as to respectively introduce the right eye image and the left eye image to the right eye and the left eye of the 
viewer positioned in the pseudo stereoscopic area when a signal indicating that the viewer is positioned in the pseudos- 
tereoscopic area is obtained. Furthermore, the head tracking stereoscopic display is characterized by comprising the 
above-mentioned head position detecting device, and being so constructed as to respectively introduce a right eye 
so image and a left eye image to the right eye and the left eye of the viewer positioned in the stereoscopic area when a 
signal indicating that the viewer is positioned in the stereoscopic area is obtained in the head position detecting device, 
so constructed as to respectively introduce the right eye image and the left eye image to the right eye and the left eye 
of the viewer positioned in the pseudostereoscopic area when a signal indicating that the viewer is positioned in the 
pseudostereoscopic area is obtained, so constructed as to respectively introduce the right eye image and the left eye 
55 image to the right eye and the left eye of the viewer positioned in the first crosstalk area when a signal indicating that 
the viewer is positioned in the first crosstalk area is obtained, and so constructed as to respectively introduce the right 
eye image and the left eye image to the right eye and the left eye of the viewer positioned in the second crosstalk area 
when a signal indicating that the viewer is positioned in the second crosstalk area is obtained. 
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The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory view showing the schematic construction of a head tracking stereoscopic display according 
to a first embodiment of the present invention; 

Fig. 2 is an explanatory view showing how light from a line-shaped light source is introduced into the right eye of a 
10 viewer positioned in a stereoscopic area in the construction shown in Fig. 1 ; 

Fig. 3 is an explanatory view showing how light from a line-shaped light source is introduced into the left eye of a 
viewer positioned in a stereoscopic area in the construction shown in Fig. 1 ; 

Fig. 4 is an explanatory view showing how light from line-shaped light sources are respectively introduced into the 
left eye and the right eye of a viewer positioned in a stereoscopic area in the construction shown in Fig. 1 ; 
15 Fig. 5 is an explanatory view showing how light from line-shaped light sources are respectively introduced into the 
left eye and the right eye of a viewer positioned in a pseudostereoscopic area in the construction shown in Fig. 1 ; 
Fig. 6 is an explanatory view showing how light from a line-shaped light source is introduced into the right eye of a 
viewer positioned in a first crosstalk area in the construction shown in Fig. 1 ; 

Fig. 7 is an explanatory view showing how light from a line-shaped light source is introduced into the left eye of a 

20 viewer positioned in a first crosstalk area in the construction shown in Fig. 1 ; 

Fig. 8 is an explanatory view showing how light from line-shaped light sources are respectively introduced into the 
right eye and the left eye of a viewer positioned in a first crosstalk area in the construction shown in Fig. 1 ; 
Fig. 9 is an explanatory view showing how light from line-shaped light sources are respectively introduced into the 
right eye and the left eye of a viewer positioned in a second crosstalk area in the construction shown in Fig. 1 ; 

25 Fig. 10 is an explanatory view showing the positional relationship among a stereoscopic area, a pseudostereo- 
scopic area, a first crosstalk area, and a second crosstalk area in the construction shown in Fig. 1 ; 
Fig. 11 is an explanatory view showing the schematic construction of a head tracking stereoscopic display accord- 
ing to a second embodiment of the present invention; 

Fig. 12 is an explanatory view showing the disposition relationship among components in one one-eye system in 
30 the construction shown in Fig. 1 1 ; 

Fig. 1 3 is an explanatory view showing how light from line-shaped light sources are respectively introduced into the 

right eye and the left eye of a viewer positioned in a stereoscopic area in the construction shown in Fig. 1 1 ; 

Fig. 1 4 is an explanatory view showing how light from line-shaped light sources are respectively introduced into the 

right eye and the left eye of a viewer positioned in a pseudostereoscopic area in the construction shown in Fig. 1 1 ; 
35 Fig. 1 5 is an explanatory view showing how light from line-shaped light sources are respectively introduced into the 

right eye and the left eye of a viewer positioned in a first crosstalk area in the construction shown in Fig. 1 1 ; 

Fig. 1 6 is an explanatory view showing how light from line-shaped light sources are respectively introduced into the 

right eye and the left eye of a viewer positioned in a second crosstalk area in the construction shown in Fig. 1 1 ; 

Fig. 17 is an explanatory view showing the schematic construction of a head tracking stereoscopic display accord- 
40 ing to a third embodiment of the present invention. 

Fig. 18 is an explanatory view showing the disposition relationship among components in one one-eye system in 

the construction shown in Fig. 17; 

Fig. 19 is an explanatory view showing how light from a line-shaped light source is introduced into the right eye of 

a viewer positioned in a stereoscopic area by a one-eye system I in the construction shown in Fig. 17; 
45 Fig. 20 is an explanatory view showing how light from a line-shaped light source is introduced into the right eye of 

a viewer positioned in a pseudostereoscopic area by a one-eye system II in the construction shown in Fig. 17; 

Fig. 21 is an explanatory view showing how light from a line-shaped light source is introduced into the right eye of 

a viewer positioned in a first crosstalk area by a one-eye system I in the construction shown in Fig. 1 7; 

Fig. 22 is an explanatory view showing how light from a line-shaped light source is introduced into the right eye of 
so a viewer positioned in a second crosstalk area by a one-eye system II in the construction shown in Fig. 17; 

Fig. 23 is a block diagram showing the schematic construction of a head tracking stereoscopic display according to 

a fourth embodiment of the present invention. 

Fig. 24 is a diagram for explaining the operation of a liquid crystal shutter in the head tracking stereoscopic display 
shown in Fig. 23; 

55 Fig. 25 is a diagram for explaining operations in the head tracking stereoscopic display shown in Fig. 23; 
Fig. 26 is a diagram for explaining operations in the head tracking stereoscopic display shown in Fig. 23; 
Fig. 27 is an explanatory view showing the details of a head position detecting device according to the present 
invention; 
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Fig. 28 is an explanatory view showing the disposition relationship among components in the head position detect- 
ing device shown in Fig. 27; 

Fig. 29 is an explanatory view showing the details of a head position detecting device according to a fifth embodi- 
ment of the present invention; 

5 Fig. 30 is an explanatory view showing the disposition relationship among components in the head position detect- 

ing device shown in Fig. 29; and 

Fig. 31 is a schematic view showing a conventional head tracking stereoscopic display. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

(Embodiment 1) 

An embodiment of the present invention will be described on the basis of the drawings. 

Fig. 1 is an explanatory view showing the schematic construction of a head tracking stereoscopic display according 
is to the present embodiment. A light emitting unit 178 is constituted by a first combining light source 17 comprised of a 
set of two line-shaped light sources 1 7a and 1 7b for the right eye and the left eye, and a second combining light source 
1 8 comprised of a set of two line-shaped light sources 1 8a and 1 8b for the right eye and the left eye. The first combining 
light source 17 is disposed for a stereoscopic area (it is also used in a pseudostereoscopic area), and the second com- 
bining light source 18 is disposed for a crosstalk area. 
20 A first lenticular lens screen 15 constructed by arranging a lot of semi-cylindrical lens portions in the horizontal 
direction is disposed between the light emitting unit 178 and a diffusing screen 16 provided on the light emission side 
of the light emitting unit 1 78. The first lenticular lens screen 1 5 alternately converges light from the selected one of the 
combining light sources in a stripe shape on the diffusing screen 16 by the semi-cylindrical lens portions. 

A second lenticular lens screen 1 4 constructed by arranging a lot of semi-cylindrical lens portions in the horizontal 
25 direction is disposed on the light emission side of the diffusing screen 16. The second lenticular lens screen 14 has the 
function of taking each of bright portions alternately formed in a stripe shape on the diffusing screen 1 6 as a light source 
for either one of the eyes. 

An image display panel 13 composed of an LCD panel or the like is provided on the light emission side of the sec- 
ond lenticular lens screen 14. A right eye image and a left eye image are alternately displayed in time on the image dis- 
30 play panel 1 3 by the controller 2 as described later. 

Head position detection means 1 detects the position of the head of a viewer 8, and supplies its detection signal to 
the controller 2. 

The controller 2 carries out such control as to change the timing at which images are alternately displayed for the 
light source display controller 3 and such control as to choose which of the first combining light source 1 7 and the sec- 
35 ond combining light source 18 should be driven on the basis of information relating to the head position from the head 
position detection means 1 . The specific contents of the control will be described later. 

The light source display controller 3 alternately turns one of the line-shaped light sources and another line-shaped 
light source in the selected one combining light source on and off, and alternately displays the right eye image and the 
left eye image on the image display panel 13 in synchronization with the alternate ON/OFF of the line-shaped light 
40 sources. 

In Fig. 1 , the viewer 8 is positioned in the center of a stereoscopic position right in front of a screen. Letting n be an 
integer, E be the distance between the eyes of the viewer 8, and A be the horizontal distance from the center of the ster- 
eoscopic position right in front of the screen, an area indicated by (2n - 1/2) x E ^ A ^ (2n + 1/2) x E and an area indi- 
cated by {(2n + 1) - 1/2} x E < A < {(2n + 1) + 1/2} x E on the basis of the center of the stereoscopic position right in 

45 front of the screen can be respectively taken as a stereoscopic area and a pseudostereoscopic area, and control paying 
attention to only the two areas can be also carried out. However, crosstalk occurs in the vicinity of the boundary 
between the stereoscopic area and the pseudostereoscopic area. Therefore, it is desired that the vicinity of the bound- 
ary is taken as a crosstalk area, and proper control corresponding to the crosstalk area is carried out. An area indicated 
by {(1 + 2n)/2 - 1/4} x E < A < {(1 + 2n)/2 + 1/4} x E is taken as a crosstalk area. In this case, in areas - E/4 to E/4, E/4 

so to 3E/4, 3E/4 to 5E/4, 5E/4 to 7E/4, 7E/4 to 9E/4 • • • formed on the basis of the center of the stereoscopic position 
right in front of the screen, stereoscopic, crosstalk, pseudostereoscopic, crosstalk, stereoscopic, • • • are set in this 
order (see Fig. 1 0). Crosstalk from stereoscopic to pseudostereoscopic is defined as first crosstalk, and crosstalk from 
pseudo stereoscopic to stereoscopic is defined as second crosstalk. 

In Fig. 1, a combining light source which is being driven is indicted by a solid white pattern when it is turned on, 

55 while being indicated by a solid black pattern when it is turned off. A combining light source which is not being driven is 
indicated by hatching and crosshatching. Ranges in which images are recognized based on the line-shaped light 
sources 17a and 17b are respectively indicated by reference numbers 19a and 19b, and each of the ranges corre- 
sponds to the above-mentioned solid white or solid black pattern. Further, ranges in which images are recognized 
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based on the line-shaped light sources 18a and 18b are respectively indicated by reference numbers 20a and 20b, and 
each of the ranges corresponds to the above-mentioned hatching or crosshatching. 

Description is now made of the disposition relationship among the components, for example. Letting E be the dis- 
tance between the eyes of the viewer 8, H be the distance between the viewer 8 and the second lenticular lens screen 
5 14 (the center of the semi-cylindrical lens portion), J be the distance between the second lenticular lens screen 14 (the 
center of the semi-cylindrical lens portion) and the diffusing screen 16, L be the distance between the diffusing screen 

1 6 and the first lenticular lens screen 1 5 (the center of the semi-cylindrical lens portion), and K be the distance between 
the first lenticular lens screen 1 5 (the center of the semi-cylindrical lens portion) and the light emitting unit 1 78, the pitch 
S between the line-shaped light sources 1 7a and 1 7b in the combining light source 1 7 and the pitch S between the line- 

10 shaped light sources 18a and 18b in the combining light source 18 satisfy S = KxExJ/(LxH). 

Letting F be the focal length of each of the semi-cylindrical lens portions constituting the second lenticular lens 
screen 14, and G be the focal length of each of the semi-cylindrical lens portions in the first lenticular lens screen 15, 
F = J x H / (H - J) and G = L x K / (K - L) are satisfied. Letting P be the pitch between the semi-cylindrical lens por- 
tions constituting the second lenticular lens screen 14, and Q be the pitch between the semi-cylindrical lens portions 

15 constituting the first lenticular lens screen 15, P = 2xExJ/(J + H) and Q = 2xKxExJ/Hx(L + K) are satis- 
fied. Letting n be an integer, the pitch between the combining light sources satisfies (n + 1/2) x S . 

Operations in the head tracking stereoscopic display (the contents of the control by the controller 2) in cases where 
the viewer 8 is positioned in the stereoscopic area, the pseudostereoscopic area, and the crosstalk area will be 
described on the basis of Figs. 2 to 10. The positional relationship among the stereoscopic area, the pseudostereo- 

20 scopic area, and the crosstalk areas is illustrated in Fig. 10. 

Fig. 2 illustrates a state where the viewer 8 is positioned in the stereoscopic area, the second combining light 
source 18 is not driven, only the line-shaped light source 17a in the first combining light source 17 is being turned on, 
a right eye image is displayed on the image display panel 13, and the right eye image is inputted to the right eye 1 1 of 
the viewer 8. More specifically, light from the line-shaped light source 17a is converged through a semi-cylindrical lens 

25 portion 15a, for example, in the first lenticular lens screen 15, to form a bright portion 16a on the diffusing screen 16. 
The bright portion 16a becomes a light emitting source, and light emitted therefrom is introduced into the right eye 1 1 
of the viewer 8 by a semi-cylindrical lens portion 14a in the second lenticular lens screen 14. 

Fig. 3 illustrates a state where the viewer 8 is positioned in the stereoscopic area, the second combining light 
source 18 is not driven, only the line-shaped light source 17b in the first combining light source 17 is being turned on, 

30 a left eye image is displayed on the image display panel 13, and the left eye image is inputted to the left eye 12 of the 
viewer 8. 

Fig. 4 is a diagram showing Figs.2 and 3 in synthesized fashion. The line-shaped light source 17a and the line- 
shaped light source 1 7b are alternately turned on, and a right eye image and a left eye image are alternately displayed 
on the image display panel 13 in synchronization with the alternate ON. 

35 Fig. 5 illustrates a state where the viewer 8 is positioned in the pseudostereoscopic area, the line-shaped light 
source 17a and the line-shaped light source 17b are alternately turned on, light from the line-shaped light source 17a 
is introduced into the left eye 12 of the viewer 8, and light from the line-shaped light source 17b is introduced into the 
right eye 1 1 of the viewer 8. Consequently, the timing at which a right eye image and a left eye image are alternately 
displayed on the image display panel 13 is reverse to that in the case of Fig. 4. 

40 Fig. 6 illustrates a state where the viewer 8 is positioned in the first crosstalk area, the first combining light source 

1 7 is not driven, only the line-shaped light source 1 8a in the second combining light source 1 8 is being turned on, a right 
eye image is displayed on the image display panel 13, and the right eye image is inputted to the right eye 1 1 of the 
viewer 8. More specifically, light from the line-shaped light source 18a is converged through a semi-cylindrical lens por- 
tion 15b in the first lenticular lens screen 15, for example, to form a bright portion 16b on the diffusing screen 16. The 

45 bright portion 16b becomes a light emitting source, and light emitted therefrom is introduced into the right eye 1 1 of the 
viewer 8 by a semi-cylindrical lens portion 14b in the second lenticular lens screen 14. 

Fig. 7 illustrates a state where the viewer 8 is positioned in the first crosstalk area, the first combining light source 
1 7 is not driven, only the line-shaped light source 1 8b in the second combining light source 1 8 is being turned on, a left 
eye image is displayed on the image display panel 13, and the left eye image is inputted to the left eye 12 of the viewer 

50 8. 

Fig. 8 is a diagram showing Figs.6 and 7 in synthesized fashion. The line-shaped light source 18a and the line- 
shaped light source 1 8b are alternately turned on, and a right eye image and a left eye image are alternately displayed 
on the image display panel 13 in synchronization with the alternate ON. 

Fig. 9 illustrates a state where the viewer 8 is positioned in the second crosstalk area. The line-shaped light source 
55 1 8a and the line-shaped light source 1 8b are alternately turned on, and a right eye image and a left eye image are alter- 
nately displayed on the image display panel 1 3 in synchronization with the alternate ON. The timing of the alternate dis- 
play is reverse to that in the cases of Figs. 6 to 8. 

Fig. 10 illustrates a state where the center of the head of the viewer 8 is positioned in the second crosstalk area, 
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and shows how the stereoscopic area, the first crosstalk area, the pseudostereoscopic area, and the second crosstalk 
area are formed in this order. "17", and "18" attached to corresponding positions in the respective areas correspond to 
reference numbers attached to the respective combining light sources, and "initial" and "switching" indicate that the tim- 
ings of image switching are reverse to each other. 

5 As described in the foregoing, according to the head tracking stereoscopic display according to the present embod- 

iment, the light emitting unit is constituted by the four line-shaped light sources 17a, 17b, 18a, and 18b, the first lenticu- 
lar lens screen 15, the diffusing screen 16, and the second lenticular lens screen 14, so that the construction can be 
made simpler and the cost can be made lower, as compared with the conventional light emitting unit which is constituted 
by a combination of an imaging device and an image display device. Even when the viewer moves from the stereo- 

10 scopic position to the pseudostereoscopic position or moves from the stereoscopic position to the first or second cross- 
talk area, it is possible to properly view a 3D image by following the movement of the viewer. 

(Embodiment 2) 

is A second embodiment of the present invention will be described on the basis of the drawings. 

Fig. 11 is an explanatory view showing the schematic construction of a head tracking stereoscopic display compris- 
ing two one-eye systems according to the present embodiment. In each of the one-eye systems, a light emitting unit 
378 (478) is constituted by a first combining light source 37 (47) comprised of a set of two line-shaped light sources 37a 
and 37b (47a and 47b) for a stereoscopic area and a pseudostereoscopic area, and a second combining light source 

20 38 (48) comprised of a set of two line-shaped light sources 38a and 38b (48a and 48b) for first and second crosstalk 
areas. 

A first lenticular lens screen 35 (45) constructed by arranging a lot of semi-cylindrical lens portions in the horizontal 
direction is disposed between the light emitting unit 378 (478) and a diffusing screen 36 (46) provided on the light emis- 
sion side of the light emitting unit 378 (478). The first lenticular lens screen 35 (45) alternately converges light from the 
25 selected one of the combining light sources in a stripe shape on the diffusing screen 36 (46) by the semi-cylindrical lens 
portions. 

A second lenticular lens screen 34 (44) constructed by arranging a lot of semi-cylindrical lens portions in the hori- 
zontal direction is disposed on the light emission side of the diffusing screen 36 (46). The second lenticular lens screen 
34 (44) has the function of taking each of bright portions on the diffusing screen 36 (46) as a light source for either one 
30 of the eyes. 

An image display panel 33 (43) composed of an LCD panel or the like is provided on the light emission side of the 
second lenticular lens screen 34 (44). A right eye image and a left eye image are fixedly supplied, respectively, to the 
image display panel 33 and the image display panel 43 by image supply means 51 as described later. 

A half mirror 30 passes the right eye image from the image display panel 33 and introduces the image into the 
35 viewer 8, while reflecting the left eye image from the image display panel 43 and introducing the image into the viewer 8. 

Head position detection means 50 detects the position of the head of the viewer 8, and supplies its detection signal 
to controller means 52. 

The controller 52 carries out such control as to choose which of the first combining light source 37 (47) and the sec- 
ond combining light source 38 (48) should be driven on the basis of information relating to the head position from head 

40 position detection means 50. The specific contents of the control will be described later. 

Figs. 1 2 to 1 6 correspond to the one-eye system for displaying the right eye image. The one-eye system for display- 
ing the left eye image is omitted because it is basically the same in the construction and the function as the one-eye 
system for displaying the right eye image except for images to be displayed. 

In Fig. 12, the viewer 8 is positioned in the center of a stereoscopic position right in front of a screen. Letting n be 

45 an integer, E be the distance between the eyes of the viewer 8, and A be the horizontal distance from the center of the 
stereoscopic position right in front of the screen, an area indicated by (2n - 1/2) x E ^ A ^ (2n + 1/2) x E and an area 
indicated by {(2n + 1) - 1/2} x E < A < {(2n + 1) + 1/2} x E on the basis of the center of the stereoscopic position right 
in front of the screen can be respectively taken as a stereoscopic area and a pseudostereoscopic area, and control pay- 
ing attention to only the two areas can be also carried out. 

so However, crosstalk occurs in the vicinity of the boundary between the stereoscopic area and the pseudostereo- 
scopic area. Therefore, it is desired that the vicinity of the boundary is taken as a crosstalk area, and proper control cor- 
responding to the crosstalk area is carried out. An area indicated by {(1 + 2n)/2 - 1/4} x E < A < {(1 + 2n)/2 + 1/4} x E 
is taken as a crosstalk area. In this case, in areas - E/4 to E/4, E/4 to 3E/4, 3E/4 to 5E/4, 5E/4 to 7E/4, 7E/4 to 9E/4 
• • • formed on the basis of the center of the stereoscopic position right in front of the screen, stereoscopic, crosstalk, 

55 pseudostereoscopic, crosstalk, stereoscopic, • • • are set in this order (see Figs. 15 and 16). Crosstalk from stereo- 
scopic to pseudostereoscopic is defined as first crosstalk, and crosstalk from pseudostereoscopic to stereoscopic is 
defined as second crosstalk. 

In Fig. 12, a combining light source which is being driven is indicated by a solid white pattern when it is turned on, 
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while being indicated by a solid black pattern when it is turned off. A combining light source which is not being driven is 
indicated by hatching and crosshatching. Ranges in which images are recognized based on the line-shaped light 
sources 37a and 37b are respectively indicated by reference numbers 190a and 190b, and each of the ranges corre- 
sponds to the above-mentioned solid white or solid black pattern. Further, ranges in which images are recognized 

5 based on the line-shaped light sources 38a and 38b are respectively indicated by reference numbers 200a and 200b, 
and each of the ranges corresponds to the above-mentioned hatching or crosshatching. 

Description is now made of the disposition relationship among the components, for example. Letting E be the dis- 
tance between the eyes of the viewer 8, H be the distance between the viewer 8 and the second lenticular lens screen 
34 (the center of the semi-cylindrical lens portion), J be the distance between the second lenticular lens screen 34(the 

10 center of the semi-cylindrical lens portion) and the diffusing screen 36, L be the distance between the diffusing screen 

36 and the first lenticular lens screen 35 (the center of the semi-cylindrical lens portion), and K be the distance between 
the first lenticular lens screen 35 (the center of the semi-cylindrical lens portion) and the light emitting unit 378, the pitch 
S between the line-shaped light sources 37a and 37b in the combining light source 37 and the pitch S between the line- 
shaped light sources 38a and 38b in the combining light source 38 satisfy S = KxExJ/(LxH). 

15 Letting F be the focal length of each of the semi-cylindrical lens portions constituting the second lenticular lens 
screen 34, and G be the focal length of each of the semi-cylindrical lens portions constituting the first lenticular lens 
screen 35, F = J x H / (H - J) and G = LxK/(K-L) are satisfied. Letting P be the pitch between the semi-cylindrical 
lens portions constituting the second lenticular lens screen 34, and Q be the pitch between the semi-cylindrical lens 
portions constituting the first lenticular lens screen 35, P = 2 x E x J / (J + H) and Q = 2xKxExJ/(Hx(L+K)) 

20 are satisfied. Letting n be an integer, the pitch between the combining light sources satisfies (n + 1/2) x S . 

Operations in the head tracking stereoscopic display (the contents of the control by the controller 52) in cases 
where the viewer 8 is positioned in the stereoscopic area, the pseudostereoscopic area, and the crosstalk areas will be 
described on the basis of Figs. 13 to 16. The positional relationship among the stereoscopic area, the pseudostereo- 
scopic area, and the crosstalk areas is illustrated in Figs. 15 and 16. 

25 Fig. 13 illustrates a state where the viewer 8 is positioned in the stereoscopic area, the second combining light 
source 38 is not driven, only the line-shaped light source 37a in the first combining light source 37 is being turned on, 
a right eye image is fixedly displayed on the image display panel 33, and the right eye image is inputted to the right eye 
1 1 of the viewer 8. More specifically, light from the line-shaped light source 37a is converged through the semi-cylindri- 
cal lens portions constituting the first lenticular lens screen 35, so that bright portions 36a and dark portions 36b are 

30 alternately formed on the diffusing screen 36. The bright portion 36a becomes a light emitting source, and light emitted 
therefrom is introduced into the right eye 1 1 of the viewer 8 by the semi-cylindrical lens portion in the second lenticular 
lens screen 34. 

Fig. 14 illustrates a state where the viewer 8 is positioned in the pseudostereoscopic area, only the line-shaped 
light source 37b in the first combining light source 37 is being turned on, and light from the line-shaped light source 37b 
35 is introduced into the right eye 1 1 of the viewer 8. That is, although ON and OFF of the light source are switched, the 
right eye image may be fixedly displayed as it is on the image display panel 33. 

Fig. 1 5 illustrates a state where the viewer 8 is positioned in the first crosstalk area, the first combining light source 

37 is not driven, only the line-shaped light source 38a in the second combining light source 38 is being turned on, a right 
eye image is fixedly displayed on the image display panel 33, and the right eye image is inputted to the right eye 1 1 of 

40 the viewer 8. 

Fig. 16 illustrates a state where the viewer 8 is positioned in the second crosstalk area, the first combining light 
source 37 is not driven, only the line-shaped light source 38b in the second combining light source 38 is being turned 
on, a right eye image is fixedly displayed on the image display panel 33, and the right eye image is inputted to the right 
eye 1 1 of the viewer 8. 

45 In the above-mentioned construction, the light emitting units are constituted by the eight line-shaped light sources 
37a, 37b, 38a, 38b, 47a, 47b, 48a, and 48b, the first lenticular lens screens 35 and 45, the diffusing screens 36 and 46, 
and the second lenticular lens screens 34 and 44, so that the construction can be made simpler and the cost can be 
made lower, as compared with the conventional light emitting unit which is constituted by a combination of an imaging 
device and an image display device. Even when the viewer 8 moves from the stereoscopic position to the pseudoster- 

50 eoscopic position or moves from the stereoscopic position to the cross talk area, it is also possible to properly view a 
3D image by following the movement of the viewer. 

Although in comparison with the first embodiment, two one-eye systems are required, and the half mirror 30 is 
required, an image displayed on each of the image display panels 33 and 43 may be fixed, and the necessity of such 
control as to turn each of the line-shaped light sources on and off in response to the timing of switching between the 

55 right and left eye images is eliminated. 
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(Embodiment 3) 

A third embodiment of the present invention will be described on the basis of the drawings. 

Fig. 1 7 is an explanatory view showing the schematic construction of a head tracking stereoscopic display compris- 
5 ing two one-eye systems I and II according to the present embodiment. In each of the one-eye systems I and II, a light 
emitting unit 60 (70) comprises two line-shaped light sources 67 and 68 (77 and 78) for a stereoscopic area and a 
crosstalk area. 

A first lenticular lens screen 65 (75) constructed by arranging a lot of semi-cylindrical lens portions in the horizontal 
direction is disposed between the light emitting unit 60 (70) and a diffusing screen 66 (76) provided on the light emission 
10 side of the light emitting unit 60 (70). The first lenticular lens screen 65 (75) alternately converges light from the selected 
one of the line-shaped light sources in a stripe shape on the diffusing screen 66 (76) by the semi-cylindrical lens por- 
tions. 

A second lenticular lens screen 64 (74) constructed by arranging a lot of semi-cylindrical lens portions in the hori- 
zontal direction is disposed on the light emission side of the diffusing screen 66 (76). The second lenticular lens screen 
is 64 (74) has the function of taking each of bright portions alternately formed on the diffusing screen 66 (76) as a light 
source for either one of the eyes. 

An image display panel 63 (73) composed of an LCD panel or the like is provided on the light emission side of the 
second lenticular lens screen 64 (74). A right or left eye image and a left or right eye image are supplied, respectively, 
to the image display panel 63 and the image display panel 73 so as to be switchable by image supply means 81 as 
20 described later. 

A half mirror 85 passes the right eye image from the image display panel 63 and introduces the image into the 
viewer 8, while reflecting the left eye image from the image display panel 73 and introducing the image into the viewer 8. 

Head position detection means 80 detects the position of the head of the viewer 8, and supplies its detection signal 
to control means 82. 

25 The control means 82 carries out such control as to select light emission of the line-shaped light sources 67 and 
68 (77 and 78) and switch images displayed on the image display panels 63 and 73 on the basis of information relating 
to the head position from head position detection means 80. The detailed contents of the control will be described later. 

Although Fig. 18 is a diagram showing one of the one-eye systems, the line-shaped light sources in the other one- 
eye system are also illustrated. Figs. 19 to 22 illustrate the one-eye system for feeding an image to the right eye 1 1 of 

30 the viewer 8. In Figs. 18 to 22, the line-shaped light source which is being turned on and the line-shaped light source 
which is not being turned on in the one-eye system I are respectively indicated by a solid white pattern and a solid black 
pattern, and the line-shaped light source which is being turned on and the line-shaped light source which is not being 
turned on in the one-eye system II are respectively indicated by hatching and crosshatching. 

In Fig. 18, the viewer 8 is positioned in the center of a stereoscopic position right in front of a screen. Letting n be 

35 an integer, E be the distance between the eyes of the viewer 8, and A be the horizontal distance from the center of the 
stereoscopic position right in front of the screen, an area indicated by (2n - 1/2) x E ^ A ^ (2n + 1/2) x E and an area 
indicated by {(2n + 1) - 1/2} x E < A < {(2n + 1) + 1/2} x E on the basis of the center of the stereoscopic position right 
in front of the screen can be respectively taken as a stereoscopic area and a pseudostereoscopic area, and control pay- 
ing attention to only the two areas can be also carried out. 

40 However, crosstalk occurs in the vicinity of the boundary between the stereoscopic area and the pseudostereo- 
scopic area. Therefore, it is desired that the vicinity of the boundary is taken as a crosstalk area, and proper control cor- 
responding to the crosstalk area is carried out. An area indicated by {(1 + 2n)/2 - 1/4} x E < A < {(1 + 2n)/2 + 1/4} x E 
is taken as a crosstalk area. In this case, in areas - E/4 to E/4, E/4 to 3E/4, 3E/4 to 5E/4, 5E/4 to 7E/4, 7E/4 to 9E/4 
• • • formed on the basis of the center of the stereoscopic position right in front of the screen, stereoscopic, crosstalk, 

45 pseudostereoscopic, crosstalk, stereoscopic, • • • are set in this order. Crosstalk from stereoscopic to pseudostereo- 
scopic is defined as first crosstalk, and crosstalk from pseudostereoscopic to stereoscopic is defined as second cross- 
talk. 

Description is now made of the disposition relationship among the components, for example. Letting E be the dis- 
tance between the eyes of the viewer 8, H be the distances between the viewer 8 and the second lenticular lens screen 

so 64 or 74 (the center of the semi-cylindrical lens portion ), J be the distance between the second lenticular lens screen 
64 or 74 (the center of the semi-cylindrical lens portion) and the diffusing screen 66 or 76, L be the distance between 
the diffusing screen 66 or 76 and the first lenticular lens screen 65 or 75 (the center of the semi-cylindrical lens portion), 
and K be the distance between the first lenticular lens screen 65 or 75 (the center of the semi-cylindrical lens portion) 
and the light emitting unit 60 (70), the width M of each of the line-shaped light sources 67, 68, 77, and 78 satisfies 

55 M = K x E x J / (L x H) . 

Letting F be the focal length of each of the semi-cylindrical lens portions constituting the second lenticular lens 
screen 64, and G be the focal length of each of the semi-cylindrical lens portions constituting the first lenticular lens 
screen 65, F = J x H / (H - J) and G = LxK/(K-L) are satisfied. Letting P be the pitch between the semi-cylindrical 
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lens portions constituting the second lenticular lens screen 64, and Q be the pitch between the semi-cylindrical lens 
portions constituting the first lenticular lens screen 65, P = 2 x E x J / (J + H) and Q = 2xKxExJ/(Hx(L+K)) 
are satisfied. Letting n be an integer, the pitch between the line-shaped light sources satisfies (n + 1/2) x M . 

Operations in the head tracking stereoscopic display (the contents of the control by the controller means 82) in 

s cases where the viewer 8 is positioned in the stereoscopic area, the pseudostereoscopic area, and the crosstalk areas 
will be described on the basis of Figs. 19 to 22. The positional relationship among the stereoscopic area, the pseudos- 
tereoscopic area, and the crosstalk areas is also illustrated in Figs. 21 and 22. 

Fig. 19 illustrates a state where the viewer 8 is positioned in the stereoscopic area, and only the line-shaped light 
source 67 is being turned on, a right eye image is displayed on the image display panel 63, and the right eye image is 

10 inputted to the right eye 1 1 of the viewer 8 in the one-eye system I. More specifically, light from the line-shaped light 
source 67 is converged through the semi-cylindrical lens portions constituting the first lenticular lens screen 65, so that 
bright portions and dark portions are alternately formed on the diffusing screen 66. The bright portion becomes a light 
emitting source, and light emitted therefrom is introduced into the right eye 11 of the viewer 8 by the semi-cylindrical 
lens portion in the second lenticular lens screen 64. When the right eye image enters the right eye 1 1 of the viewer 8, 

15 as shown in Fig. 19, by the one-eye system I, the line-shaped light source 77 is turned on in the one-eye system II, so 
that a left eye image displayed on the image display panel 73 enters the left eye 12 of the viewer 8. 

Fig. 20 illustrates a state where the viewer 8 is positioned in the pseudostereoscopic area, and only the line-shaped 
light source 77 is being turned on, a right eye image is displayed on the image display panel 73, contrary to the above- 
mentioned case where the viewer 8 is positioned in the stereoscopic area, and the right eye image is inputted to the 

20 right eye 1 1 of the viewer 8 in the one-eye system II. When the right eye image enters the right eye 1 1 of the viewer 8, 
as shown in Fig. 20, by the one-eye system II, the line-shaped light source 67 is turned on in the one-eye system I, so 
that a left eye image is displayed on the image display panel 63, contrary to the above-mentioned case where the viewer 
8 is positioned in the stereoscopic area, and the left eye image enters the left eye 12 of the viewer 8. 

Fig. 21 illustrates a state where the viewer 8 is positioned in the first crosstalk area, and only the line-shaped light 

25 source 68 is being turned on, a right eye image is displayed on the image display panel 63, and the right eye image is 
inputted to the right eye 1 1 of the viewer 8 in the one-eye system I. When the right eye image enters the right eye 1 1 of 
the viewer 8, as shown in Fig. 21 , by the one-eye system I, the line-shaped light source 77 is turned on in the one-eye 
system II, so that a left eye image displayed on the image display panel 73 enters the left eye 12 of the viewer 8. 

Fig. 22 illustrates a state where the viewer 8 is positioned in the second crosstalk area, and only the line-shaped 

30 light source 78 is being turned on, a right eye image is displayed on the image display panel 73, contrary to the above- 
mentioned case where the viewer 8 is positioned in the first crosstalk area, and the right eye image is inputted to the 
right eye 1 1 of the viewer 8 in the one-eye system II. When the right eye image enters the right eye 1 1 of the viewer 8, 
as shown in Fig. 22, by the one-eye system II, the line-shaped light source 68 is turned on in the one-eye system I, so 
that a left eye image is displayed on the image display panel 63, contrary to the above-mentioned case where the viewer 

35 8 is positioned in the first crosstalk area, and the left eye image enters the left eye 12 of the viewer 8. 

In the above-mentioned construction, the light emitting units are constituted by the four line-shaped light sources 
67, 68, 77, and 78, the first lenticular lens screens 65 and 75, the diffusing screens 66 and 76, and the second lenticular 
lens screens 64 and 74, so that the construction can be made simpler and the cost can be made lower, as compared 
with the conventional light emitting unit which is constituted by a combination of an imaging device and an image display 

40 device. Even when the viewer 8 moves from the stereoscopic position to the pseudostereoscopic position or moves 
from the stereoscopic position to the crosstalk area, it is also possible to properly view a 3D image by following the 
movement of the viewer 8. Although in comparison with the second embodiment, such control as to switch an image 
displayed on each of the image display panels 63 and 64 is required, the light emitting units may be the four line-shaped 
light sources. 

45 In the above-mentioned embodiments, the line-shaped light source may be composed of an LED array or a dis- 
charge lamp. Alternatively, it may be composed of a fluorescent tube for accelerating electrons emitted from a cathode 
under vacuum at an anode and exciting a fluorescent screen formed at the anode to emit light. 

(Embodiment 4) 

50 

A fourth embodiment of the present invention will be described on the basis of the drawings. 

Description is now made of one example of a head tracking stereoscopic display capable of causing the viewer 8 
to properly view a 3D image, when the head of the viewer 8 moves to a stereoscopic area, a pseudostereoscopic area, 
a first crosstalk area and a second crosstalk area, by following the movement using Figs. 23 to 26. 
55 The head tracking stereoscopic display comprises a plane-shaped back-light 501 , a liquid crystal shutter 502 dis- 
posed on the light emission side of the back-light 501 and capable of alternately forming a light transmitting portion and 
a light shading portion each having a predetermined width in a vertical stripe shape and moving the light transmitting 
portion and the light shading portion by a pitch which is one-half of the width, a lenticular lens 503 disposed on the light 
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emission side of the liquid crystal shutter 502 and constituted by semi-cylindrical lens portions corresponding to sets 
each comprising the light transmitting portion and the light shading portion, an image display panel 504 composed of a 
liquid crystal or the like, of a light transmission type which is disposed on the light emission side of the lenticular lens 
503, a head position detecting device 505 for detecting the position of the head of the viewer 8, a controller 506, and 

5 illuminating means (not shown) for illuminating the face of the viewer 8. 

The liquid crystal shutter 502 is constructed as shown in Figs. 24 (a) and 24 (b). In Fig. 24, reference numebers 
502a and 502b denote transparent substrates disposed with a liquid crystal layer 502c interposed therebetween. Trans- 
parent conductive films 502d in a vertical stripe shape are formed, letting A be the width of the light transmitting portion 
(the width of the light shading portion), on the inner surface side of the transparent substrate 502a so as to have a width 

10 of A/2, and a transparent conductive film 502e in a hollow pattern is formed on the inner surface side of the transparent 
substrate 502b. 

A polarizing plate is omitted in Figs. 23 to 26. In Fig. 24, the conductive film 502d which is not energized is indicated 
by a solid black pattern, and the conductive film 502d which is energized is indicated by a solid white pattern. Light 
transmitting states of a liquid crystal are indicated by non-hatching and hatching, respectively, depending on whether 

is or not the conductive film is energized. 

The controller 506 comprises a display control circuit 506a and a shutter control circuit 506b. The display control 
circuit 506a controls the timing of display switching between a left eye image and a right eye image on the light trans- 
mission type image display panel 504 on the basis of information relating to the head position from the head position 
detecting device 505. The shutter control circuit 506b controls alternate switching between the light transmitting portion 

20 and the light shading portion in the liquid crystal shutter 502 in synchronization with the timing of display switching as 
well as movement at a predetermined pitch. The specific manner of the control will be described. 

(When the viewer 8 is positioned in the pseudostereoscopic area) 

25 In this case, the display control circuit 506a switches a left eye image and a right eye image at timing reverse to 
timing at which it switches a left eye image and a right eye image in a stereoscopic position. That is, the pseudostere- 
oscopic position is a state where the right eye image is incident on the left eye, and the left eye image is incident on the 
right eye, so that the timing of alternate display of the left eye image and the right eye image may be reverse to that in 
the stereoscopic position. 

30 

(When the viewer 8 is positioned in the crosstalk area) 

The shutter control circuit 506b carries out such control as to energize the liquid crystal shutter 502 such that the 
adjacent vertical stripe-shaped transparent electrodes 502d are turned on/off in pairs (a light transmitting/shading 

35 state). Such control makes it possible to move the light transmitting portion and the light shading portion in the liquid 
crystal shutter 502 by a pitch of A/2, as shown in Fig. 24 (a)(b). The shutter control circuit 506b moves the light trans- 
mitting portion and the light shading portion by a pitch of A/2 from a state where the viewer 8 is in the stereoscopic area, 
as described above, when it obtains judgment information indicating that the viewer 8 is positioned in the crosstalk area 
(see Figs. 25 and 26 with respect to the crosstalk area) from the head position detecting device 505, while further mov- 

40 ing the light transmitting portion and the light shading portion by a pitch of A/2 when it obtains information indicating that 
the viewer 8 is positioned in the pseudostereoscopic area after further passing through the crosstalk area. 

In the stage where the viewer 8 is positioned in the crosstalk area, the display control circuit 506a does not switch 
the left eye image and the right eye image at timing reverse to the timing in the stage where the viewer 8 is positioned 
in the stereoscopic area. The timing is reversed when the viewer 8 is positioned in the pseudostereoscopic area after 

45 passing through the crosstalk area. 

By such control, when the head of the viewer 8 is positioned in the first crosstalk area after moving by a distance 
of E/2 rightward from the stereoscopic area (a position indicated by a dotted line), for example, as shown in Fig. 25, the 
light shading portion and the light transmitting portion are moved by a pitch of A/2 leftward from the state where the 
viewer is in the stereoscopic area in correspondence with the movement (switching between the right and left eye 

so images is the same as that in the state where the viewer is in the stereoscopic area). Consequently, a state where the 
right eye image is incident on the right eye of the viewer 8, and the left eye image is incident on the left eye of the viewer 
8 is maintained, so that good stereoscopic view is possible. 

On the other hand, when the viewer 8 is positioned in the second crosstalk area after moving by a distance of E/2 
leftward from the stereoscopic area, the light shading portion and the light transmitting portion may be moved by a pitch 

55 of A/2 rightward from the state where the viewer is in the stereoscopic area in correspondence with the movement. Also 
in this case, switching between the right and left eye images is the same as that in the state where the viewer is in the 
stereoscopic area. In addition to such control, when the viewer 8 is positioned in the crosstalk area after moving by a 
distance of E/2 leftward from the stereoscopic area, the light shading portion and the light transmitting portion may be 
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moved by a pitch of A/2 leftward from the state where the viewer is in the stereoscopic area (which is the same as that 
in the above-mentioned case where the viewer moves rightward), as shown in Fig. 26, in correspondence with the 
movement, and the timing of switching between the right and left eye images may be the same timing as that in a state 
where the viewer is in the pseudostereoscopic area. 

5 Fig. 27 is an explanatory view showing the detailed construction of the head position detecting device 505 for judg- 

ing which of the stereoscopic area, the pseudo stereoscopic area, the first crosstalk area and the second crosstalk area 
is an area where the viewer 8 is positioned. The head position detecting device 505 comprises light receiving means 
551 , a lenticular lens 552, and judgment means 553. 

The light receiving means 551 is constructed by arranging a first light receiving device for a stereoscopic area 551 a, 

10 a second light receiving device for a pseudostereoscopic area 551b, a third light receiving device for a first crosstalk 
area 551c, and a fourth light receiving device for a second crosstalk area 551 d in the horizontal direction. If an example 
of the illuminating means for illuminating the face of the viewer 8 is one emitting infrared light, each of the light receiving 
devices may be one high in sensitivity to the infrared light. 

The lenticular lens 552 is constructed by arranging four semi-cylindrical lens portions 552a, 552b, 552c, and 552d 

15 in the horizontal direction. The semi-cylindrical lens portions respectively introduce light reflected from the face of the 
viewer 8 positioned in the stereoscopic area, light reflected from the face of the viewer 8 positioned in the pseudoster- 
eoscopic area, light reflected from the face of the viewer 8 positioned in the first crosstalk area, and light reflected from 
the face of the viewer 8 positioned in the second crosstalk area into the first light receiving device 551 a, the second light 
receiving device 551b, the third light receiving device 551c, and the fourth light receiving device 551 d. 

20 The judgment means 553 compares the amount of the light detected in the first light receiving device 551a, the 
amount of the light detected in the second light receiving device 551b, the amount of the light detected in the third light 
receiving device 551c, and the amount of the light detected in the fourth light receiving device 551 d, to judge which of 
the stereoscopic area, the pseudostereoscopic area, the first crosstalk area and the second crosstalk area is an area 
where the viewer 8 is positioned. For example, if the amount of the light detected in the first light receiving device 551a 

25 is the largest, it is judged that the viewer is positioned in the stereoscopic area. 

Let n be an integer, E be the distance between the eyes of the viewer 8, and A be the horizontal distance from the 
center of a stereoscopic position right in front of a screen. In this case, when an area indicated by 
(2n - 1/2) x E ^ A == (2n + 1/2) x E and an area indicated by {(2n + 1) - 1/2} x E < A < {(2n + 1) + 1/2} x E on the 
basis of the center of the stereoscopic position right in front of the screen are respectively taken as the stereoscopic 

30 area and the pseudostereoscopic area, the stereoscopic area, the pseudostereoscopic area, the stereoscopic area, 
• • • are formed in this order. This one cycle is repeated for each distance which is twice the distance between the 
eyes. 

Furthermore, in this case, when an area indicated by {(1 + 2n)/2 - 1/4} x E < A < {(1 + 2n)/2 + 1/4} x E is taken as 
the crosstalk area, the stereoscopic area, the first crosstalk area, the pseudostereoscopic area, the second crosstalk 

35 area, the stereoscopic area, • • • are formed in this order. This one cycle (hereinafter referred to as one object area for 
convenience, and object areas are respectively assigned reference numbers 555a, 555b, 555c, and 555d in Fig. 27) is 
repeated for each distance which is twice the distance between the eyes. 

As described above, the four semi-cylindrical lens portions 552a, 552b, 552c, and 552d are arranged in the hori- 
zontal direction, so that it is possible to cope with the four object areas 555a, 555b, 555c, and 555d whose number cor- 

40 responds to the number of the lens portions. Since the lenticular lens 552 is used as one thus constructed by arranging 
the plurality of semi-cylindrical lens portions 552a, 552b, 552c, and 552d in the horizontal direction, the number of com- 
ponents can be made smaller and the assembly thereof can be made easier, as compared with a case where the semi- 
cylindrical lens portions are separately constructed. 

Fig. 28 is an explanatory view showing the dimensions in disposition, for example, of components in the head posi- 

45 tion detecting device 505. Letting E be the distance between the eyes of the viewer 8, A2 be the distance between the 
lenticular lens 552 (the center of the semi-cylindrical lens portion) and the viewer 8, B2 be the distance between the 
lenticular lens 552 (the center of the semi-cylindrical lens portion) and the light receiving device, and P2 be the pitch 
between the light receiving devices 551 , P2 = E x B2 / (2 x A2) is satisfied. Further, letting Q2 be the pitch among the 
semi-cylindrical lens portions 552a, 552b, 552c, and 552d, Q2 = 2 x E x B2 / (A2 + B2) is satisfied. Furthermore, let- 

50 ting F2 be the focal length of each of the semi-cylindrical lens portions 552a, 552b, 552c, and 552d, 
F2 = A2 x B2 / (A2 x B2) is satisfied. 

(Embodiment 5) 

55 Fig. 29 is an explanatory view showing the detailed construction of a head position detecting device 51 5 for judging 
which of a stereoscopic area and a pseudostereoscopic area is an area where a viewer 8 is positioned. When the head 
position detecting device 515 is used, a liquid crystal shutter 502 may be so constructed as to switch a light transmitting 
portion and a light shading portion by the width of the light transmitting portion and the light shading portion in the head 
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tracking stereoscopic display constructed as shown in Fig. 23. 

The head position detecting device 515 comprises light receiving means 651 , a lenticular lens 652, and judgment 
means 653. 

The light receiving means 651 is constructed by arranging a first light receiving device for a stereoscopic area 651a 

5 and a second light receiving device for a pseudostereoscopic area 651b in the horizontal direction. 

The lenticular lens 652 is constructed by arranging four semi-cylindrical lens portions 652a, 652b, 652c, and 652d 
in the horizontal direction. Each of the semi-cylindrical lens portions introduces light reflected from the face of the viewer 
8 positioned in the stereoscopic area and light reflected from the face of the viewer 8 positioned in the pseudostereo- 
scopic area, respectively, into the first light receiving device 651a and the second light receiving device 651b. 

10 The judgment means 653 compares the amount of the light detected in the first light receiving device 651 a and the 
amount of the light detected in the second light receiving device 651b, to judge which of the stereoscopic area and the 
pseudostereoscopic area is an area where the viewer 8 is positioned. For example, if the amount of the light detected 
in the first light receiving device 651a is the largest, it is judged that the viewer is positioned in the stereoscopic area. 
When an area indicated by (2n - 1/2) x E ^ A ^ (2n + 1/2) x E and an area indicated by {(2n + 1 ) - 1/2} x E < A 

is < {(2n + 1) + 1/2} x E on the basis of the center of a stereoscopic position right in front of a screen are respectively taken 
as the stereoscopic area and the pseudostereoscopic area, the stereoscopic area, the pseudostereoscopic area, the 
stereoscopic area, • • • are formed in this order. This one cycle (which is referred to as one object area for conven- 
ience, and object areas are respectively assigned reference numebrs 655a, 655b, 655c, and 655d in Fig. 28) is 
repeated for each distance which is twice the distance between the eyes. 

20 As described above, the four semi-cylindrical lens portions 652a, 652b, 652c, and 652d are arranged in the hori- 
zontal direction, so that it is possible to cope with the four object areas 655a, 655b, 655c, and 655d whose number cor- 
responds to the number of the lens portions. Since the lenticular lens 652 is used as one thus constructed by arranging 
the plurality of semi-cylindrical lens portions 652a, 652b, 652c, and 652d in the horizontal direction, the number of com- 
ponents can be made smaller and the assembly thereof can be made easier, as compared with a case where the semi- 

25 cylindrical lens portions are separately constructed. 

Fig. 30 is an explanatory view showing the dimensions in disposition of components, for example, in the head posi- 
tion detecting device 515. Letting E be the distance between the eyes, A1 be the distance between the lenticular lens 
652 (the center of the semi-cylindrical lens portion) and the viewer 8, B1 be the distance between the lenticular lens 652 
(the center of the semi-cylindrical lens portion) and the light receiving device 651 , and P1 be the pitch between the first 

30 light receiving devices and the second light receiving devices, P1 = E x B1 / A1 is satisfied. Further, letting Q1 be the 
pitch among the semi-cylindrical lens portions 652a, 652b, 652c, and 652d, Q1 = 2 x E x B1 /(A1 + B1) is satisfied. 
Furthermore, letting F1 be the focal length of each of the semi-cylindrical lens portions 652a, 652b, 652c, and 652d, 
F1 = A1 x B1 /(A1 x B1) is satisfied. 

Although description of the head position detecting device was made of the head tracking stereoscopic display so 

35 constructed that the entire right and left eye images are alternately displayed in time on the image display panel, it goes 
without saying that the head tracking stereoscopic display may be so constructed that right and left eye images are dis- 
played alternately in position in a vertical stripe shape, and that the images are separated from each other by a parallax 
barrier or a lenticular lens. The head tracking stereoscopic display may be of any construction, provided that the right 
eye image and the left eye image can be respectively introduced into the right eye and the left eye of the viewer without 

40 requiring special glasses. 

Although an example of the light source is one comprising a back-light and a liquid crystal shutter, the present 
invention is not limited to the same. For example, it may be so constructed that light from a line-shaped light source 
causes bright and dark portions to be alternately formed at a predetermined pitch on a dispersion panel by a lenticular 
lens, and the bright and dark portions are utilized like the light transmitting portion and the light shading portion in the 

45 construction shown in Fig. 23, and an example of the line-shaped light source is one comprising a total of four line- 
shaped light sources, that is, one set of line-shaped light sources corresponding to the right and left eyes in a stereo- 
scopic area (or a pseudostereoscopic area) and the other set of light-shaped light sources corresponding to the right 
and left eyes in a crosstalk area. 

Although the number of image display panels is set to one, and the right and left eye images are alternately dis- 

so played thereon at predetermined timing, the head tracking stereoscopic display may be so constructed as to respec- 
tively display a left eye image and a right eye image on two image display panels, synthesize the images by a half mirror, 
and introduce to a viewer a composite image which has been obtained by the synthesis. 

The head position detecting device and the head tracking stereoscopic display may be composed of separate 
cases so that the head position detecting device is provided separately from the head tracking stereoscopic display, or 

55 the head position detecting device is incorporated into the head tracking stereoscopic display. 

Although the head position detecting device 505 (515) has semi-cylindrical lens portions as lens means, it goes 
without saying that it may comprise spherical surface lenses as lens means. Further, in a case where the head position 
detecting device has a lenticular lens, and the head tracking stereoscopic display also has a lenticular lens, it is also 
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possible to employ such a structure that the lenticular lens in the head tracking stereoscopic display is also used as the 
lenticular lens in the head position detecting device depending on the method of a stereoscopic display system and the 
lenticular lens, for example. 

Although in the above-mentioned embodiment, the illuminating means is provided for illuminating the face of the 
s viewer 8, the illuminating means is not necessarily required. For example, if a black board or the like is disposed on the 
side of the background of the viewer, only the face of the viewer is brightened, so that it is possible to detect the head 
of the viewer even under a light such as a fluorescent lamp in an ordinary room. 

Although the present invention has been described and illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be taken by way of limitation, the spirit and scope of the present 
10 invention being limited only by the terms of the appended claims. 

Claims 

1 . A head tracking stereoscopic display, comprising: 

15 

light emitting means comprising at least two light sources each comprised of a set of two line-shaped light 
sources for one of the eyes and the other eye, the two light sources being for a first area and a second area in 
a position shifted by approximately E/2 (E is the distance between the eyes of a viewer) in the horizontal direc- 
tion from the first area; 

20 a diffusing screen provided on the light emission side of said light emitting means; 

a first lenticular lens screen provided between said diffusing screen and the light emitting means for focusing 
light from the selected one of the light sources and alternately forming bright portions and dark portions on said 
diffusing screen by semi-cylindrical lens portions constituting the first lenticular lens screen; 
a second lenticular lens screen provided on the light emission side of said diffusing screen and having the func- 

25 tion of taking each of said bright portions formed on the diffusing screen as a light source for either one of the 

eyes; 

an image display panel provided on the light emission side of the second lenticular lens screen; 
light source control means for alternately turning one of the line-shaped light sources and the other line-shaped 
light source in the selected one light source on and off; 
30 display control means for alternately displaying one of the images and the other image which have binocular 

parallax on said image display panel in synchronization with the alternate ON/OFF of said line-shaped light 
sources; 

head position detection means for detecting the position of the head of the viewer; and 
control means for suitably carrying out such control as to change the timing of the alternate display of the 
35 images and select the light source on the basis of information relating to the head position from said head posi- 

tion detection means. 

2. The head tracking stereoscopic display according to claim 1 , wherein 

40 said control means is so constructed as to carry out such control, letting n be an integer, E be the distance 

between the eyes of the viewer, and A be the horizontal distance from the center of a stereoscopic position 
right in front of a screen, as to perform basic processing in selecting the timing of the alternate display of the 
images and the light source when the viewer is in an area indicated by (2n - 1/2) x E ^ A ^ (2n + 1/2) x E on 
the basis of the center of the stereoscopic position right in front of the screen, while changing the timing of the 

45 alternate display of one of the images and the other image which have binocular parallax using as a light 

source to be selected the light source for the first area as it is when the viewer moves to an area indicated by 
{(2n + 1) - 1/2} x E < A < {(2n + 1) + 1/2} x E . 

3. The head tracking stereoscopic display according to claim 2, wherein 

50 

said control means is so constructed as to carry out such control, letting n be an integer, E be the distance 
between the eyes of the viewer, and A be the horizontal distance from the center of a stereoscopic position 
right in front of a screen, as to select the light source for the second area and suitably change or maintain the 
alternate display when the viewer moves to an area indicated by 
55 {(1 + 2n)/2 - 1/4} x E < A < {(1 + 2n)/2 + 1/4} x E on the basis of the center of the stereoscopic position right 

in front of the screen. 

4. The head tracking stereoscopic display according to claim 1 , wherein 
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letting E be the distance between the eyes of the viewer, H be the distance between the viewer and the second 
lenticular lens screen, J be the distance between the second lenticular lens screen and the diffusing screen, L 
be the distance between the diffusing screen and the first lenticular lens screen, and K be the distance 
between the first lenticular lens screen and the light emitting means, the pitch S between the line-shaped light 
sources in each of the light sources satisfies the following equation: 

S = KxExJ/(LxH) 

The head tracking stereoscopic display according to claim 4, wherein 

letting F be the focal length of each of semi-cylindrical lens portions constituting the second lenticular lens 
screen, and G be the focal length of each of the semi-cylindrical lens portions constituting the first lenticular 
lens screen, the following equations are satisfied: 

F = J x H / (H - J) 

G = Lx K/(K-L) 

The head tracking stereoscopic display according to claim 4, wherein 

letting P be the pitch between the semi-cylindrical lens portions constituting the second lenticular lens screen, 
and Q be the pitch between the semi-cylindrical lens portions constituting the first lenticular lens screen, the 
following equations are satisfied: 

P = 2xExJ/(J + H) 

Q = 2xKxExJ/(Hx(L + K)) 

The head tracking stereoscopic display according to claim 4, wherein 

letting n be an integer, the pitch between the light sources satisfies (n + 1/2) x S . 

A head tracking stereoscopic display, characterized by comprising: 

two one-eye systems each comprising 

light emitting means comprising a first light source comprised of a set of two line-shaped light sources and 
a second light source comprised of the other set of two line-shaped light sources, 
a diffusing screen provided on the light emission side of said light emitting means, 
a first lenticular lens screen provided between said diffusing screen and the light emitting means for focus- 
ing light from the selected one of the line-shaped light sources and alternately forming bright portions and 
dark portions on said diffusing screen by semi-cylindrical lens portions constituting the first lenticular lens 
screen, 

a second lenticular lens screen provided on the light emission side of said diffusing screen and having the 
function of taking each of said bright portions formed on the diffusing screen as a light source for either 
one of the eyes, and 

an image display panel provided on the light emission side of the second lenticular lens screen; 
image supply means for fixedly displaying one of images and the other image which have binocular paral- 
lax, respectively, on the image display panel in one of the one-eye systems and the image display panel in 
the other one-eye system; 

head position detection means for detecting the position of the head of a viewer; and 
control means for suitably carrying out such control as to select light emission of the line-shaped light 
sources in said light source on the basis of information relating to the head position from said head position 
detection means. 

The head tracking stereoscopic display according to claim 8, wherein 

said control means is so constructed as to carry out such control, letting n be an integer, E be the distance 



16 



EP 0 881 844 A2 

between the eyes of the viewer, and A be the horizontal distance from the center of a stereoscopic position 
right in front of a screen, as to select one of the line-shaped light sources in the first light source when the 
viewer is in an area indicated by (2n - 1/2) x E == A (2n + 1/2) x E on the basis of the center of the stereo- 
scopic position right in front of the screen, while selecting the other line-shaped light source in the first light 
5 source when the viewer moves to an area indicated by {(2n + 1) - 1/2} x E < A < {(2n + 1) + 1/2} x E . 

10. The head tracking stereoscopic display according to claim 9, wherein 

said control means is so constructed as to carry out such control, letting n be an integer, E be the distance 
10 between the eyes of the viewer, and A be the horizontal distance from the center of a stereoscopic position 

right in front of a screen, as to suitably select either one of the two line-shaped light sources in the second light 
source when the viewer moves to an area indicated by {(1 + 2n)/2 - 1/4} x E < A < {(1 + 2n)/2 + 1/4} x E on 
the basis of the center of the stereoscopic position right in front of the screen. 

15 11. The head tracking stereoscopic display according to claim 8, wherein 

letting E be the distance between the eyes of a viewer, and H be the distance between the viewer and the sec- 
ond lenticular lens screen, J be the distance between the second lenticular lens screen and the diffusing 
screen, L be the distance between the diffusing screen and the first lenticular lens screen, and K be the dis- 
20 tance between the first lenticular lens screen and the light emitting means in each of the one-eye systems, the 

pitch S between the line-shaped light sources in each of the light sources satisfies the following equation: 

S= Kx E x J/(Lx H) 

25 12. The head tracking stereoscopic display according to claim 1 1 , wherein 

letting F be the focal length of each of the semi-cylindrical lens portions constituting the second lenticular lens 
screen, and G be the focal length of each of semi-cylindrical lens portions constituting the first lenticular lens 
screen in each of the one-eye systems, the following equations are satisfied: 

30 

F = J x H / (H - J) 
G = Lx K/(K-L) 

35 13. The head tracking stereoscopic display according to claim 1 1 , wherein 

letting P be the pitch between the semi-cylindrical lens portions constituting the second lenticular lens screen, 
and Q be the pitch between the semi-cylindrical lens portions constituting the first lenticular lens screen in each 
of the one-eye systems, the following equations are satisfied: 

40 

P = 2xExJ/(J + H) 
Q = 2xKxExJ/(Hx(L + K)) 
45 14. The head tracking stereoscopic display according to claim 1 1 , wherein 

letting n be an integer, the pitch between the light sources satisfies (n + 1/2) x S . 
15. A head tracking stereoscopic display, comprising: 

50 

two one-eye systems each comprising 

light emitting means comprising a line-shaped light source for a first area and a line-shaped light source 
for a second area in a position shifted by approximately E/2 (E is the distance between the eyes of a 
55 viewer) in the horizontal direction from the first area, 

a diffusing screen provided on the light emission side of said light emitting means, 
a first lenticular lens screen provided between said diffusing screen and the light emitting means for focus- 
ing light from the selected one of the line-shaped light sources and alternately forming bright portions and 
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dark portions on said diffusing screen by semi-cylindrical lens portions constituting the first lenticular lens 
screen, 

a second lenticular lens screen provided on the light emission side of said diffusing screen and having the 
function of taking each of said bright portions formed on the diffusing screen as a light source for either 

5 one of the eyes, and 

an image display panel provided on the light emission side of the second lenticular lens screen; 
image supply means for respectively displaying one of images and the other image which have binocular 
parallax on the image display panel in one of the one-eye systems and the image display panel in the other 
one-eye system so as to be switchable; 

10 head position detection means for detecting the position of the head of the viewer; and 

control means for suitably carrying out such control as to select light emission of the line-shaped light 
sources and switch the images displayed on said image display panels on the basis of information relating 
to the head position from said head position detection means. 

is 16. The head tracking stereoscopic display according to claim 15, wherein 

said control means is so constructed as to carry out such control, letting n be an integer, E be the distance 
between the eyes of the viewer, and A be the horizontal distance from the center of a stereoscopic position 
right in front of a screen, as to select the line-shaped light source for the first area when the viewer is in an area 
20 indicated by (2n - 1/2) x E ^ A ^ (2n + 1/2) x E on the basis of the center of the stereoscopic position right in 

front of the screen, while selecting the line-shaped light source for the first area and switching the images dis- 
played on said image display panels when the viewer moves to an area indicated by 
{(2n + 1) - 1/2} x E < A < {(2n + 1) + 1/2} x E . 

25 17. The head tracking stereoscopic display according to claim 16, wherein 

said control means is so constructed as to carry out such control, letting n be an integer, E be the distance 
between the eyes of the viewer, and A be the horizontal distance from the center of a stereoscopic position 
right in front of a screen, as to select the line-shaped light source for the second area and suitably switch the 
30 images displayed on said image display panels when the viewer moves to an area indicated by 

{(1 + 2n)/2 - 1/4} x E < A < {(1 + 2n)/2 + 1/4} x E on the basis of the center of the stereoscopic position right 
in front of the screen. 

18. The head tracking stereoscopic display according to claim 15, wherein 

35 

letting E be the distance between the eyes of the viewer, and letting H be the distance between the viewer and 
the second lenticular lens screen, J be the distance between the second lenticular lens screen and the diffus- 
ing screen, L be the distance between the diffusing screen and the first lenticular lens screen, and K be the 
distance between the first lenticular lens screen and the light emitting means in each of the one-eye systems, 
40 the width M of each of the line-shaped light sources satisfies the following equation: 

M = KxExJ/(LxH) 

19. The head tracking stereoscopic display according to claim 18, wherein 

45 

letting F be the focal length of each of the semi-cylindrical lens portions constituting the second lenticular lens 
screen, and G be the focal length of each of the semi-cylindrical lens portions constituting the first lenticular 
lens screen in each of the one-eye systems, the following equations are satisfied: 

so F = J x H / (H - J) 

G = Lx K/(K-L) 

20. The head tracking stereoscopic display according to claim 18, wherein 

55 

letting P be the pitch between the semi-cylindrical lens portions constituting the second lenticular lens screen, 
and Q be the pitch between the semi-cylindrical lens portions constituting the first lenticular lens screen in each 
of the one-eye systems, the following equations are satisfied: 
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P = 2xExJ/(J + H) 
Q = 2xKxExJ/(Hx(L + K)) 
5 21 . The head tracking stereoscopic display according to claim 1 8, wherein 

letting n be an integer, the pitch between the line-shaped light sources satisfies (n + 1/2) x M . 

22. The head tracking stereoscopic display according to claim 8, wherein 

10 

an image formed by one of the one-eye systems and an image formed by the other one-eye system are syn- 
thesized in a half mirror. 

23. The head tracking stereoscopic display according to any one of claims 1 to 22, wherein 

15 

said line-shaped light source is composed of an LED array. 

24. The head tracking stereoscopic display according to any one of claims 1 to 22, wherein 
20 said line-shaped light source is composed of a discharge lamp. 

25. The head tracking stereoscopic display according to any one of claims 1 to 22, wherein 

said line-shaped light source is composed of a fluorescent tube for accelerating electrons emitted from a cath- 
25 ode under vacuum at an anode and exciting a fluorescent screen formed at the anode to emit light. 

26. A head position detecting device comprising: 

light receiving means constructed by arranging a first light receiving device for a stereoscopic area and a sec- 
30 ond light receiving device for a pseudostereoscopic area in the horizontal direction; 

lens means for respectively introducing light reflected from the face of a viewer positioned in the stereoscopic 
area and light reflected from the face of the viewer positioned in the pseudostereoscopic area into said first light 
receiving device and said second light receiving device; and 

judgment means for comparing the amount of the light detected in said first light receiving device and the 
35 amount of the light detected in said second light receiving device, to judge which of the stereoscopic area and 

the pseudostereoscopic area is an area where the viewer is positioned. 

27. The head position detecting device according to claim 26, wherein 

40 letting E be the distance between the eyes, A1 be the distance between said lens means and the viewer, B1 

be the distance between said lens means and said light receiving device, and P1 be the pitch between the first 
light receiving device and the second light receiving device, the following equation is satisfied: 

P1 = E x B1 /A1 

45 

28. The head position detecting device according to claim 26, wherein 

letting E be the distance between the eyes of the viewer, A1 be the distance between said lens means and the 
viewer, B1 be the distance between said lens means and said light receiving device, and Q1 be the pitch 
50 between the lens means, the following equation is satisfied: 

Q1 = 2 x E x B1 /(A1 +B1) 

29. The head position detecting device according to claim 26, wherein 

55 

letting E be the distance between the eyes of the viewer, A1 be the distance between said lens means and the 
viewer, B1 be the distance between said lens means and said light receiving device, and F1 be the focal length 
of said lens means, the following equation is satisfied: 
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F1 = A1 x B1 /(A1 + B1) 

30. The head position detecting device according to claim 26, wherein 

5 a plurality of lens means are arranged in the horizontal direction. 

31. The head position detecting device according to claim 30, wherein 

a lenticular lens is used as the plurality of lens means arranged in the horizontal direction. 

10 

32. A head position detecting device comprising: 

light receiving means constructed by arranging a first light receiving device for a stereoscopic area, a second 
light receiving device for a pseudostereoscopic area, a third light receiving device for a first crosstalk area, and 

15 a fourth light receiving device for a second crosstalk area in the horizontal direction; 

lens means for respectively introducing light reflected from the face of a viewer positioned in the stereoscopic 
area, light reflected from the face of the viewer positioned in the pseudostereoscopic area, light reflected from 
the face of the viewer positioned in the first crosstalk area, and light reflected from the face of the viewer posi- 
tioned in the second crosstalk area into said first light receiving device, said second light receiving device, said 

20 third light receiving device, and said fourth light receiving device; and 

judgment means for comparing the amount of the light detected in said first light receiving device, the amount 
of the light detected in said second light receiving device, the amount of the light detected in said third light 
receiving device, and the amount of the light detected in said fourth light receiving device, to judge which of the 
stereoscopic area, the pseudostereoscopic area, the first crosstalk area, and the second crosstalk area is an 

25 area where the viewer is positioned. 

33. The head position detecting device according to claim 32, wherein 

letting E be the distance between the eyes of the viewer, A2 be the distance between said lens means and the 
30 viewer, B2 be the distance between said lens means and said light receiving device, and P2 be the pitch 

between the light receiving devices, the following equation is satisfied: 

P2 = E x B2 / (2 x A2) 

35 34. The head position detecting device according to claim 32, wherein 

letting E be the distance between the eyes of the viewer, A2 be the distance between said lens means and the 
viewer, B2 be the distance between said lens means and said light receiving device, and Q2 be the pitch 
between the lens means, the following equation is satisfied: 

40 

Q2 = 2 x E x B2 / (A2 + B2) 

35. The head position detecting device according to claim 32, wherein 

45 letting E be the distance between the eyes of the viewer, A2 be the distance between said lens means and the 

viewer, B2 be the distance between said lens means and said light receiving device, and F2 be the focal length 
of said lens means, the following equation is satisfied: 



50 



F2 = A2 x B2 / (A2 + B2) 
36. The head position detecting device according to claim 32, wherein 
a plurality of lens means are arranged in the horizontal direction. 
55 37. The head position detecting device according to claim 36, wherein 

a lenticular lens is used as the plurality of lens means arranged in the horizontal direction. 
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38. A head tracking stereoscopic display comprising: 
a head position detecting device comprising 

5 light receiving means constructed by arranging a first light receiving device for a stereoscopic area and a 

second light receiving device for a pseudostereoscopic area in the horizontal direction, 
lens means for respectively introducing light reflected from the face of a viewer positioned in the stereo- 
scopic area and light reflected from the face of the viewer positioned in the pseudostereoscopic area into 
said first light receiving device and said second light receiving device, and 

10 judgment means for comparing the amount of the light detected in said first light receiving device and the 

amount of the light detected in said second light receiving device, to judge which of the stereoscopic area 
and the pseudostereoscopic area is an area where the viewer is positioned, 

the head tracking stereoscopic display being so constructed as to respectively introduce a right eye image 
and a left eye image to the right eye and the left eye of the viewer positioned in the stereoscopic area when 
15 a signal indicating that the viewer is positioned in the stereoscopic area is obtained in said head position 

detecting device, and so constructed as to respectively introduce the right eye image and the left eye 
image to the right eye and the left eye of the viewer positioned in the pseudostereoscopic area when a sig- 
nal indicating that the viewer is positioned in the pseudostereoscopic area is obtained. 

20 39. A head tracking stereoscopic display comprising: 

a head position detecting device comprising 

light receiving means constructed by arranging a first light receiving device for a stereoscopic area, a sec- 
25 ond light receiving device for a pseudostereoscopic area, a third light receiving device for a first crosstalk 

area, and a fourth light receiving device for a second crosstalk area in the horizontal direction, 
lens means for respectively introducing light reflected from the face of a viewer positioned in the stereo- 
scopic area, light reflected from the face of the viewer positioned in the pseudostereoscopic area, light 
reflected from the face of the viewer positioned in the first crosstalk area, and light reflected from the face 
30 of the viewer positioned in the second crosstalk area into said first light receiving device, said second light 

receiving device, said third light receiving device, and said fourth light receiving device, and 
judgment means for comparing the amount of the light detected in said first light receiving device, the 
amount of the light detected in said second light receiving device, the amount of the light detected in said 
third light receiving device, and the amount of the light detected in said fourth light receiving device, to 
35 judge which of the stereoscopic area, the pseudostereoscopic area, the first crosstalk area, and the sec- 

ond crosstalk area is an area where the viewer is positioned, 

the head tracking stereoscopic display being so constructed as to respectively introduce a right eye image 
and a left eye image to the right eye and the left eye of the viewer positioned in the stereoscopic area when 
a signal indicating that the viewer is positioned in the stereoscopic area is obtained in said head position 

40 detecting device, so constructed as to respectively introduce the right eye image and the left eye image to 

the right eye and the left eye of the viewer positioned in the pseudostereoscopic area when a signal indi- 
cating that the viewer is positioned in the pseudostereoscopic area is obtained, so constructed as to 
respectively introduce a right eye image and a left eye image to the right eye and the left eye of the viewer 
positioned in the first crosstalk area when a signal indicating that the viewer is positioned in the first cross- 

45 talk area is obtained, and so constructed as to respectively introduce the right eye image and the left eye 

image to the right eye and the left eye of the viewer positioned in the second crosstalk area when a signal 
indicating that the viewer is positioned in the second crosstalk area is obtained. 
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Fig.l 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig. 13 
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Fig. 14 
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Fig. 15 
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Fig. 16 
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Fig. 17 




38 



EP 0 881 844 A2 



Fig. 18 
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Fig. 19 
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Fig. 20 
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Fig. 21 
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Fig. 22 



one-eye system I 



-7E/4 -5E/4 -3E/4 -E/4 E/4 3E/4 5E/4 




43 



EP 0 881 844 A2 



Fig. 23 
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Fig. 24 
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Fig. 25 




46 



EP 0 881 844 A2 



Fig. 26 
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Fig. 27 
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Fig. 29 
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Fig. 30 
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Fig. 31 
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